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Summary
Background:  To  reduce  the  morbidity  and  mortality  related  to  bacterial  meningitis,
it  is  important  to  discriminate  bacterial  meningitis  from  aseptic  meningitis  during
the  acute  phase  of  the  disease,  when  the  clinical  symptoms  are  often  similar.
Objectives:  To  test  the  reliability  of  serum  procalcitonin  (PCT)  to  discriminate  bac-
terial  meningitis  from  aseptic  meningitis  in  patients  who  have  a  negative  direct
cerebrospinal  ﬂuid  (CSF)  examination,  and  to  evaluate  the  role  of  serum  PCT  to
assess  treatment  efﬁcacy  compared  with  the  total  leukocyte  count  (TLC),  erythro-
cyte  sedimentation  rate  (ESR)  and  C-reactive  protein  (CRP).
Materials  and  methods:  Forty  patients  with  suspected  acute  meningitis  and  nega-
tive  gram  stains  were  included,  and  ten  healthy  persons  were  included  as  controls.
According  to  the  clinical  examination  and  the  CSF  cytochemical  analysis  and
cultures,  the  patients  were  divided  into  bacterial  and  aseptic  groups.  The  mea-
surements  of  serum  PCT,  ESR,  CRP  and  TLC  were  performed.
Results:  Patients  in  the  bacterial  group  had  a higher  value  of  serum  PCT  at  admission
and  at  3  days  post-treatment  than  those  in  the  aseptic  group,  with  a  highly  signiﬁcant
difference  between  them.
Conclusion:  Serum  PCT  and,  to  a  lesser  extent,  TLC  had  prognostic  value  in  patients
with  acute  meningitis,  and  PCT  is  more  useful  because  it  can  be  frequently  measured
for  the  diagnosis  and  follow-up  of  bacterial  meningitis.
©  2013  King  Saud  Bin  Abdulaziz  University  for  Health  Sciences.  Published  by  Elsevier
Ltd.  All  rights  reserved.
Abbreviations: PCT, procalcitonin; TLC, total leukocytic count; ESR
ELISA, enzyme linked immunosorbent assay; ROC, receiver operatin
protein; N, number.
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Ethical considerations
Informed  consent  was  obtained  from  the  patients’erum  procalcitonin  in  Egyptian  patients  with  acute
ntroduction
eningitis  is  an  extremely  severe  and  life  threat-
ning  infection  that  necessitates  immediate  diag-
osis and  prompt  therapy.  Bacterial  meningitis
s endemic  in  Egypt,  and  sporadic  cases  occur
hroughout the  year  [1].
Because the  consequences  of  the  delayed  diag-
osis  of  bacterial  meningitis  can  be  severe,  any
roposed  diagnostic  tool  must  achieve  near  100%
ensitivity.  When  used  alone,  clinical  criteria,
ram staining,  bacterial  antigen  testing  of  the
erebrospinal  ﬂuid  (CSF)  and  classic  tests  of
iological markers  in  the  blood  (C-reactive  pro-
ein [CRP]  level,  white  blood  cell  [WBC]  count
nd neutrophil  count)  or  CSF  (protein  level,  glu-
ose level,  WBC  count  and  neutrophil  count)  do
ot offer  100%  sensitivity  with  a  high  speciﬁcity
or distinguishing  bacterial  and  aseptic  meningitis
2].
CSF  analysis  is  the  cornerstone  and  diagnos-
ic test  of  choice  for  suspected  meningitis  [3].
ram staining  of  the  sample  may  demonstrate
acteria in  bacterial  meningitis,  but  the  absence
f bacteria  does  not  exclude  bacterial  meningitis
s they  are  only  observed  in  60%  of  cases;  this
gure is reduced  by  a  further  20%  if  antibiotics
ere administered  before  the  sample  was  taken
4].  Procalcitonin  (PCT),  a  calcitonin  propeptide,
s believed  to  be  synthesized  in  the  C  cells  of  the
hyroid gland  and  secreted  from  leukocytes  of  the
eripheral  blood.  The  secretion  of  PCT  was  found
o increase  in  the  presence  of  bacterial  lipopolysac-
harides and  cytokines  that  are  associated  with
epsis [5].  Among  the  new  markers,  the  serum
CT level  appears  to  be  one  of  the  most  sensi-
ive and  speciﬁc  predictors  to  discriminate  between
acterial  and  aseptic  infections  [6].  Recently,  its
ole in  distinguishing  between  children  with  aseptic
eningitis  and  those  with  life-threatening  bacterial
eningitis  has  been  reported  [7]. Moreover,  Vial-
on et  al.  [8]  reported  the  value  of  determining
he serum  PCT  concentrations  for  the  differen-
ial diagnosis  of  bacterial  and  viral  meningitis  in
he absence  of  microbiologic  pointers  at  the  time
f a  patient’s  emergency  admission  to  the  hospi-
al. In  our  study,  we  will  evaluate  the  potential
ole of serum  PCT  in  the  differential  diagnosis  of
eningitis  cases  that  have  a  negative  direct  CSF
xamination.  We  will  also  evaluate  the  role  of
erum  PCT  in  determining  the  treatment  efﬁcacy
t an  earlier  stage  of  acute  bacterial  meningitis  to
educe the  need  for  lumbar  puncture  performed
8—72 h after  admission  to  assess  the  treatment
fﬁcacy. rningitis  107
aterials and methods
tudy site
his  prospective  study  was  performed  in  the  Trop-
cal Medicine  Department,  Ain  Shams  University
ospital, and  at  Embaba  Fever  Hospital  in  collabo-
ation with  the  central  microbiology  unit,  Ain  Shams
niversity  Hospital,  during  the  period  from  January
012 to  September  2012.
tudy population
orty  patients  presenting  at the  emergency  unit
f Embaba  Fever  Hospital  with  suspected  acute
eningitis were  enrolled  in  this  study.  Accord-
ng to  the  results  of  the  cerebrospinal  ﬂuid  (CSF)
ytochemical  proﬁle  and  bacterial  cultures,  our
atients  were  classiﬁed  into  two  groups:  Group  1
ncluded  16  patients  with  acute  bacterial  meningi-
is, and  Group  2  included  24  patients  with  acute
septic meningitis.  The  control  group  (Group  3)
ncluded  10  healthy  subjects  with  no  clinical  or
aboratory  evidence  of  infection  and  who  were
atched according  to  age  and  sex.  Meningitis
as deﬁned  as  bacterial  according  to  both  the
SF laboratory  ﬁndings  (increased  protein  ≥2  g/l,
ecreased  glucose  ratio  ≤0.4,  and  leukocyte  count
1500 ×  10/l  with  polymorph  nuclear  leukocyte
omination)  and  a positive  bacterial  culture  [9].
nclusion  criteria
atients  who  presented  for  the  ﬁrst  time  at  Embaba
ever  Hospital  with  the  following  conditions  were
ncluded  in  this  study:  (a)  clinical  picture  and  CSF
nalysis suggestive  of  acute  meningitis  and  (b)  neg-
tive direct  CSF  examination.
xclusion  criteria
atients  with  the  following  conditions  were
xcluded:
(a) Clinical,  radiological  and/or  laboratory  ﬁndings
suggestive  of  tuberculosis,  cryptococcal  menin-
gitis,  cerebrovascular  disease,  brain  tumors  or
other causes  of  coma.
b)  Antibiotic  treatment  for  2  days  before  admis-
sion.
(c) Positive  organism  in  a direct  gram-stained  ﬁlm.
d) Other  causes  of  fever  (presence  of  another  site
of infection  in  addition  to  meningitis).
e) Drug-induced  meningeal  irritation.elatives  and  the  control  subjects  before
N.A.  Abdelkader  et  al.
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enrollment  in  the  study.  Approvals  from  the
Tropical Medicine  Department,  Ain  Shams  Univer-
sity, and  Embaba  Fever  Hospital  committees  were
obtained.
Tools of the study
All  the  cases  studied  were  subjected  to  the  follow-
ing:
Full medical  history  and  thorough  clinical  exami-
nation
Routine  laboratory  investigations:  Including,  com-
plete blood  count  (CBC),  erythrocyte  sedimenta-
tion rate  (ESR)  and  CRP,  liver  and  kidney  function
tests and  random  blood  glucose.
Speciﬁc laboratory  investigations
• CSF  cytochemical  analysis:  This  test  was  per-
formed on  the  ﬁrst  spinal  tap,  including  physical
and chemical  examinations,  cell  count,  cell  type
and direct  gram  staining.
• CSF  culture:  This  test  was  performed  on  cen-
trifuged samples  using  standard  microbiological
techniques  and  direct  subculture  in  blood
culture bottles  (automated  BACTEC  pediatric
vials). The  bottles  were  incubated  for  5  days  to
prove  negative  results.  Bacterial  isolates  were
identiﬁed phenotypically  by  morphology  and
biochemical  reactions  [5].
• Serum  PCT:  The  PCT  levels  were  measured
for all  participants  using  an  enzyme  linked
immunosorbent  assay  (ELISA)  technique  using
the RayBio  Human  Procalcitonin  ELISA  kit
(RaybiotechR, Parkway  Lane,  Norcross,  USA),
according to  the  manufacturer’s  instructions.
After  three  days  of  treatment: The  clinical
response and  laboratory  tests  (including  TLC,  ESR,
CRP and  serum  PCT)  were  assessed.
Statistical methods
The  collected  data  were  coded,  tabulated  and  sta-
tistically  analyzed  using  SPSS  (V.  20.0,  IBM  Corp.,
USA, 2011).  The  data  were  expressed  as  the
mean ±  SD  for  quantitative  parametric  measures
or as  median  percentiles  for  quantitative  non-
parametric measures.  The  data  were  expressed
as both  numbers  and  percentages  for  categorized
data. The  following  tests  were  used:  Student  t  test,
paired  t test,  Wilcoxon  rank  sum  test,  ranked  Spear-
man correlation  test,  Chi-square  test  and  F-test
(ANOVA).• Signiﬁcance  of  results:  The  P-value  is  a  statisti-
cal measure  for  the  probability  that  the  results
observed in  a  study  could  have  occurred  by T
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Table  2  Cytological  and  chemical  proﬁles  of  the  CSF  from  each  patient  group.
Test  Group  Z  P-value  Sig.
Group  1  (bacterial)
(mean  ±  SD)
Group  2  (aseptic)
(mean  ±  SD)
WBCs  (cell/cmm) 2568.75  ±  1556.37 111.17  ±  78.88 −5.3 <0.001 HS
Polymorph  %  90.5  ±  8.21  22.08  ±  13.82  −5.38  <0.001  HS
Lymphocyte  %  9.5  ±  8.21  77.92  ±  13.82  −5.38  <0.001  HS
Protein  247.38  ±  95.15  87.25  ±  49.46  −4.53  <0.001  HS
Glucose  32  ±  38.65  57.79  ±  18.42  −3.66  <0.001  HS
CSF/serum  glucose  ratio  0.198  ±  0.183  0.481  ±  0.172  −3.95  <0.001  HS
Sig., signiﬁcance; HS, highly signiﬁcant.
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PCT NDL Best cutoffchance.  The  results  were  considered  to  be  not
signiﬁcant if  P  >  0.05,  signiﬁcant  if  P  <  0.05  or
highly signiﬁcant  if  P <  0.01  or  <0.001.
esults
escription of the study participants
he  present  study  included  40  patients  with  sus-
ected  acute  meningitis  and  a  negative  gram  stain
xamination.
The patients  included  30  males  (75%)  and  10
emales (25%).  Their  ages  ranged  from  18  to  71
ears, with  a  mean  age  of  33  ±  15.37  years.  There
as no  signiﬁcant  difference  for  age  and  gender
etween the  studied  groups  (P  >  0.05)  (Table  1).
omparison between patient groups for CSF
nalysis and biomarkers
he  CSF  examination  of  the  patient  groups  (Table  2)
howed highly  signiﬁcant  differences  in  the  WBCs,
olymorph  %,  lymphocyte  %,  CSF  protein,  CSF  glu-
ose and  CSF/serum  glucose  ratio  between  the
wo groups  (P  <  0.001).  For  Group  1,  the  pathogens
etected in  the  CSF  cultures  from  the  patients
evealed S.  pneumonia  in  12  patients  (75%),  N.
eningitides  in  3  patients  (18.75%)  and  H.  inﬂuenza
n 1 patient  (6.25%).
Table  3  shows  that  there  was  a  highly  signiﬁcant
ifference in  the  serum  PCT  between  the  patient
roups at  admission  and  at  3  days  after  treatment
P < 0.001).  For  the  TLC,  there  was  a  highly  sig-
iﬁcant  difference  between  the  patient  groups  at
dmission  (P  <  0.001)  but  only  a  signiﬁcant  differ-
nce at  3  days  after  treatment  (P  <  0.05).  For  the
SR, there  was  a  signiﬁcant  difference  between
he patient  groups  at  admission  and  3  days  after
reatment (P  <  0.05).  For  CRP,  there  was  a  highly
F
a
digniﬁcant  difference  between  the  patient  groups
t admission  (P  < 0.001)  and  a signiﬁcant  difference
etween the  patient  groups  at  3  days  after  treat-
ent (P  < 0.05)  (Table  4).
The  ROC  curve  (Fig.  1) showed  that  the  cut-off
alue of  serum  PCT  for  the  early  diagnosis  of  bac-
erial meningitis  was  1.2  ng/ml.  This  value  had  a
ensitivity  of  68.8%,  a  speciﬁcity  of  83.3%,  a nega-
ive predictive  value  of  80%,  a positive  predictive
alue of  73.3%  and  a  diagnostic  efﬁcacy  of  77.5%.
Table  5  shows  that  there  was  a  highly  signiﬁcant
ifference between  the  serum  PCT  at  admission
nd 3  days  after  treatment  in  the  patients  in  the
acterial  group  (P  <  0.01).  In  addition,  there  was
 highly  signiﬁcant  difference  between  the  TLC
t admission  and  3  days  after  treatment  in  the
atients  in  the  bacterial  group  (P  <  0.01).  There  was
o signiﬁcant  difference  in  the  ESR  and  CRP  levels
etween  admission  and  3  days  after  treatment  forigure  1  Receiver  operating  characteristic  (ROC)  curve
nalysis  showing  the  diagnostic  performance  of  PCT  for
iscriminating  Group  1  patients  from  Group  2  patients.
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iscussion
t  is  important  to  recognize  not  only  bacterial
eningitis patients,  who  need  prompt  antimicro-
ial therapy,  but  also  aseptic  meningitis  patients,
ho do  not  need  antibiotics  and/or  hospital  stays.
arkers  such  as  CRP  and  PCT  may  be  very  useful  for
he diagnosis  and  differentiation  of  viral  and  bac-
erial meningitis.  The  diagnosis  and  management
f bacterial  meningitis  require  various  biological
ests and  a multidisciplinary  approach.  In  addition,
ollow-up  of  the  efﬁcacy  of  treatment  at  an  ear-
ier stage  would  be  extremely  useful  because  it  can
iminish  the  need  for  lumbar  puncture  performed
8—72 h  after  admission  to  assess  the  treatment
fﬁcacy [10].
In  the  present  study,  we  noted  highly  signiﬁcant
ifferences in  the  CSF  WBCs  and  CSF  polymorph
 (P  <  0.001),  with  higher  values  in  the  bacterial
eningitis patients.  These  results  are  similar  to
hose of  El-Kapany  and  Viallon  et  al.  [8,11];  the
ncreased  CSF  WBCs  may  be  due  to  increased  blood
rain barrier  permeability  caused  by the  direct
ffects of  the  bacteria  and  by  the  response  of  the
mmune  system  to  the  entrance  of  the  bacteria,  fol-
owed by  the  entrance  of  a  large  number  of  WBCs
nto the  CSF  [12].
We  also  found  that  the  patients  in  the  bacterial
roup had  a  higher  CSF  protein  level  than  those
n the  aseptic  group,  with  a highly  signiﬁcant  dif-
erence (P < 0.001).  Makoo  et  al.,  El-Kapany  and
iallon  et  al.  [13,11,8]  reported  similar  results.
he elevated  CSF  protein  levels  in  bacterial  menin-
itis may  be  due  to  the  disruption  and  markedly
ncreased permeability  of  the  blood  brain  barrier
14].
In the  present  study,  we  found  that  the  patients
n the  bacterial  group  had  a  lower  CSF  glucose
evel than  those  in  the  aseptic  group,  with  a  highly
igniﬁcant  difference  (P  < 0.001).  Makoo  et  al.,  El-
apany and  Viallon  et  al.  [13,11,8]  reported  similar
ndings.  The  hypoglycorrhachia  characteristic  of
yogenic meningitis  appears  to  be  due  to  interfer-
nce with  the  normal  carrier-facilitated  diffusion  of
lucose and  to  the  increased  utilization  of  glucose
y the  host  cells  [14].
There was  a highly  signiﬁcant  difference  in
he CSF/serum  glucose  ratio  between  Group  1
nd Group  2  (P <  0.001),  with  values  ≤0.4  in
ost patients  in  the  bacterial  group  and  val-
es >0.4  in  most  patients  in  the  aseptic  group.
his result  is  in  agreement  with  those  of  Tokuda
t al.  and  Viallon  et  al.  [8,9]. However,  Øster-
aard and  Benﬁeld  [15]  reported  that  there  was  no
igniﬁcant  difference  in  the  CSF/serum  glucose
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Table  4  Diagnostic  validity  test  of  serum  PCT.
Cut  off  Speciﬁcity  Sensitivity  Efﬁcacy  PPV  NPV
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atio  between  patients  with  purulent  meningitis  of
nknown etiology  and  patients  with  lymphocytic
eningitis.
Regarding TLC  and  polymorphs,  our  results  are  in
greement  with  those  of  Makoo  et  al.,  El-Kapany,
brahim et  al.  and  Alkholi  et  al.  [13,11,16,17], who
tated that  there  was  a  highly  signiﬁcant  difference
n the  values  of  TLC  and  polymorphs  at  admis-
ion between  patients  with  bacterial  meningitis  and
hose with  aseptic  meningitis,  with  higher  values
n the  bacterial  meningitis  patients.  This  increased
LC in  bacterial  meningitis  may  be  due  to  increased
elease of  leukocytes  from  bone  marrow  storage
ools in  response  to  bacterial  infection  [17].
In our  work,  there  was  a  highly  signiﬁcant  differ-
nce  between  the  TLC  at  admission  and  3 days  after
reatment  in  the  patients  in  the  bacterial  group
P < 0.01).  The  same  result  was  noted  in  patients
ith aseptic  meningitis.  This  result  agrees  with
lkholi et  al.  [7].  In  contrast,  Ibrahim  et  al.  [16]
oted  no  signiﬁcant  difference  in  the  leukocyte
ount after  3  days  of  treatment.
The patients  in  the  bacterial  group  had  a  higher
alue of  serum  PCT  at  admission  than  those  of  the
septic group,  with  a  highly  signiﬁcant  difference
etween the  two  groups  (P  <  0.  001).  This  result
s consistent  with  studies  by  Ray  et  al.,  Makoo
t al.  and  Viallon  et  al.  [8,13,18].  They  reported
hat serum  PCT  is  a  reliable  indicator  of  bacterial
NS infection,  with  maximal  positive  and  negative
redictive values.  However,  Hoffmann  et  al.  [19]
eported  the  PCT  serum  concentrations  in  12  adults
uffering  from  bacterial  meningitis,  subdividing
he patients  into  3  groups  (typical,  atypical  and
osocomial  bacterial  meningitis).  The  PCT  concen-
rations  were  higher  with  typical  meningitis  agents
pneumococci  and  meningococci,  P =  0.041)  but
emained  normal  in  nosocomial  bacterial  meningi-
is after  neurosurgery.  They  believed  that  PCT  has
o
i
f
a
Table  5  Comparison  of  serum  PCT,  TLC,  ESR  and  CRP  levels  
and  3  days  after  treatment.
Before  (mean  ±  SD)  After  (mean  ±
PCT  2.49  ±  2.54  1.70  ±  
TLC  21,268.75  ±  9190.34  15,956.25  ±  
ESR  41.5  ±  37.68  32.38  ±  
CRP  24.75  ±  17.09  19.88  ±  
Sig., signiﬁcance; NS, non signiﬁcant; HS, highly signiﬁcant.77.5%  73.3%  80%
imited  diagnostic  value  in  adults  suffering  from
acterial  meningitis,  especially  in  cases  due  to
nusual agents  or  infections  with  a  nosocomial  ori-
in. Elevated  PCT  levels  in  bacterial  meningitis  may
ndicate the  presence  of  bacterial  inﬂammation
utside the  central  nervous  system.  This  interpreta-
ion  may  explain  the  high  standard  deviation  of  the
CT levels  and  the  overlap  between  the  two  groups
n our  study  as  we  did  not  specify  the  type  of  bacte-
ial meningitis,  nosocomial  or  community-acquired,
or our  patients.
Regarding  the  diagnostic  performance  of  PCT  in
ur study,  the  best  cut-off  value  for  the  early  diag-
osis of  bacterial  meningitis  was  1.2  ng/ml,  with
 low  sensitivity  of  68.8%  and  a high  speciﬁcity  of
3.3%. Schwarz  [14]  and  Prucha  et  al.  [20]  reported
omparable  results.  In  contrast,  Hoffmann  et  al.
19]  reported  low  sensitivity  values  of  58.3%.
In another  study  of  adults  with  meningitis  by
akoo et  al.  [13], a  serum  PCT  level  with  a cut
ff of  0.5  ng/ml  had  a  sensitivity  and  negative  pre-
ictive value  of  100%,  speciﬁcity  of  87.09%  and
ositive  predictive  value  of  82.60%.  They  concluded
hat considering  the  100%  sensitivity  and  negative
redictive value  of  serum  PCT,  this  test  could  be
sed as  a  powerful  and  desirable  screening  test
o differentiate  bacterial  meningitis  from  aseptic
eningitis.  In  a recent  study  of  adult  meningitis
atients with  a negative  direct  CSF  examination
y Viallon  et  al.  [8], the  diagnostic  cut-off  value
as 0.28  ng/ml,  resulting  in  a  sensitivity  of  97%  and
 speciﬁcity  of  100%  for  the  diagnosis  of  bacte-
ial meningitis.  The  variable  sensitivities  of  serum
CT for  the  diagnosis  of  bacterial  meningitis  in
ifferent  studies  may  be  due  to  false  low  levels
f PCT  estimated  in  the  early  phase  of  bacterial
nfection, use  of  different  assay  methods  or  dif-
erences  in  the  population  groups,  including  their
ges.
in  the  patients  in  Group  1  (bacterial)  between  admission
 SD)  t  P-value  Sig.
1.58  3.10  0.01  HS
7613.49  3.10  0.001  HS
25.74  2.07  0.06  NS
15.60  0.77  0.45  NS
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In  the  present  study,  we  noted  a  highly  signif-
icant difference  between  serum  PCT  at  admission
and 3  days  after  treatment  in  the  patients  in  the
bacterial  group  (P  <  0.01).  We  also  noted  that  the
patients  in  the  bacterial  group  had  a  higher  value  of
serum PCT  at  admission  and  3  days  post-treatment
than those  in  the  control  group.  The  same  results
were also  noted  in  the  aseptic  group,  with  the
serum PCT  remaining  unchanged  in  only  one  patient
and increased  in  another  patient.  These  results
showed that  the  PCT  levels  measured  after  3  days
of treatment  were  less  than  the  levels  measured
at the  beginning  of  treatment,  although  they  did
not return  to  normal  values.  This  ﬁnding  suggests
that the  serum  PCT  level  continues  to  be  high  for
72 h  (despite  treatment)  and  can  be  used  for  diag-
nosis for  at  least  72  h,  provided  that  the  patient  has
not received  antibiotic  treatment  more  than  2  days
before admission.  The  signiﬁcant  decrease  in  the
PCT levels  on  the  third  day  after  antibiotic  treat-
ment makes  it  a  valuable  parameter  for  evaluating
the efﬁcacy  of  the  antibiotic  treatment.
These results  agree  with  those  of  Alkholi  et  al.
[7],  who  reported  that  all  CSF  parameters,  blood
leukocytes  and  CRP  showed  overlapping  values
between the  bacterial  and  aseptic  groups.  Serum
PCT with  a  cut-off  value  >  2  ng/ml  showed  a sen-
sitivity, speciﬁcity,  positive  predictive  value  and
negative  predictive  value  of  100%,  66%,  68%  and
100%, respectively,  for  the  diagnosis  of  bacte-
rial meningitis.  Additionally,  they  showed  that  the
serum PCT  level  appears  to  be  more  reliable  in
diagnosis  when  measured  before  starting  any  treat-
ment. Serum  PCT  measurements  do  not  require
invasive interventions  such  as  a  lumbar  puncture,
and the  stability  of  PCT  in  serum  ensures  that  it
can be  frequently  measured  for  the  diagnosis  and
follow-up  of  bacterial  meningitis.  However,  Ibrahim
et al.  [16]  reported  that  the  means  of  all  the  CSF
parameters, TLC  and  CRP  overlapped  between  the
two groups.  There  was  a  positive  correlation  for
serum  PCT,  TLC  and  CRP  in  the  bacterial  and  non-
bacterial  meningitis  cases,  but  these  relationships
were only  highly  signiﬁcant  in  the  bacterial  menin-
gitis positive  group.  However,  Abdel  Ghani  et  al.  [1]
reported  that  adding  a  latex  agglutination  test  for
the detection  of  bacterial  antigens  to  the  serum
PCT measurement  was  valuable  for  the  rapid  and
accurate  diagnosis  of  pyogenic  meningitis.
In this  study,  we  noted  that  the  patients  in  the
bacterial  group  had  a  higher  values  of  CRP  at admis-
sion than  those  in  the  aseptic  group,  with  a highly
signiﬁcant  difference  (P  <  0.001).  Similar  results
were reported  by  El-Kapany,  Viallon  et  al.,  Ibrahim
et al.  and  Alkholi  et  al.  [11,8,16,7].  This  difference
may occur  because  serum  CRP  is  a  reactive  proteinN.A.  Abdelkader  et  al.
ctivated  by  acute  bacterial  infection.  In  contrast,
akoo  et  al.  [13]  reported  that  there  was  no  signif-
cant difference  in  the  CRP  level  between  patients
ith bacterial  and  aseptic  meningitis,  which  may
e due  to  occasionally  low  CRP  levels  in  bacterial
isease, especially  in  the  early  stages  of  infection.
In our  work,  we  also  noted  also  that  there  was
o signiﬁcant  difference  between  the  CRP  levels  at
dmission and  3 days  post-treatment  in  the  patients
n the  bacterial  group  (P  >  0.05).  The  same  result
as noted  in  the  aseptic  group.  This  result  agrees
ith those  of  Alkholi  et  al.  and  Ibrahim  et  al.  [7,16],
ho concluded  that  the  serum  PCT  level  had  a  bet-
er diagnostic  and  prognostic  value  than  CRP  and
he TLC  to  distinguish  between  bacterial  and  viral
eningitis  and  that  PCT  was  also  a good  indica-
or of  the  efﬁcacy  of  the  treatment  for  bacterial
eningitis.
onclusion
he  addition  of  serum  PCT  as  a valuable  biomarker
o the  routine  evaluation  of  acute  meningitis  is  a
seful tool  to  detect  bacterial  meningitis.  Addition-
lly, serum  PCT,  combined  with  TLC,  is  a valuable
rognostic parameter  for  evaluating  the  efﬁcacy  of
ntibiotic therapy  in  acute  bacterial  meningitis.
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